Abstract. Australia's rainforests exhibit high taxonomic diversity and endemism, yet relatively little is known about patterns of genetic diversity across the flora. Habitat contractions caused by the aridification of the continent and the recent glacial cycles have left discrete genetic signatures on modern-day populations, with the nature of between-population differentiation likely to be influenced by a range of ecological and environmental factors. We used microsatellites to examine range-wide population genetic structure in two congeneric rainforest trees, Elaeocarpus angustifolius and E. largiflorens (Elaeocarpaceae), with similar habitat preference and dispersal potential. The aim was to investigate the relationships between genetic structure, geographic disjunction and morphological differentiation and attempt to clarify the likely evolutionary processes responsible for the observed patterns. We found substantial differences in the amount and type of genetic differentiation within the two co-distributed species. While Elaeocarpus largiflorens revealed an abrupt genetic disjunction front between two subspecies separated by a recognised biogeographic barrier (the Black Mountain Corridor), E. angustifolius showed lower genetic differentiation across a much wider geographic area. Our findings suggest that biogeographic features have different impacts on related species, and that generalisations on evolutionary patterns can be untenable without considering a range of factors. Also, on the basis of the available molecular data, a likely hypothesis is of pre-Pleistocene differentiation followed by reinforcement of differentiation patterns during recent glacial cycles (further studies are needed to conclusively date divergence).
Introduction
Rainforests contain a considerable proportion of Australia's biodiversity despite being restricted to small remnants along the eastern coast of the continent and representing <1% of the land area (Adam 1992) . The main centres of endemism and diversity are found in the wet tropics world heritage area of north-eastern Queensland (referred to as WT) and within a small subtropical region straddling the eastern part of the Queensland-New South Wales border (referred to as NNSW) (Whiffin and Hyland 1986) . The WT contains 53 endemic genera and representatives of 13 of the world's 28 most 'primitive' angiosperm families. An additional 55 genera endemic to Australia are present in WT and NNSW (D. Metcalfe and A. Ford, unpubl. data) , with a further 200 species being at their most southerly or northerly limits in NNSW (McDonald and Elsol 1984) .
Closed-canopy forests reached their maximum coverage of the Australian continent during the mid-Eocene when they represented the dominant vegetation type (Kershaw et al. 1991) . Extensive macro-and micro-fossil records show that the mid-Eocene flora was dominated by families such as Cunoniaceae, Elaeocarpaceae, Lauraceae, Myrtaceae and Proteaceae, and these remain important components of the modern Australian flora (Greenwood and Christophel 2005) . Despite this conservatism in lineage composition, the distribution of rainforest vegetation in Australia progressively retreated from the continent's interior, becoming mostly restricted to wetter coastal habitats by the Late Miocene (Greenwood and Christophel 2005) . In the last 10 million years, the core wet areas of WT have remained more or less ecologically stable, whereas fragmentation, aridification and loss of biodiversity are more pronounced at southern latitudes (Kershaw et al. 2005) .
The increased aridity and fire frequency that characterised the glacial peaks of the Quaternary further affected rainforest remnants (Bowman 2000) . The last glaciation was particularly intense, and the severe fragmentation revealed by Eucalyptus intrusions in current rainforest areas as recently as 8000 years ago (Hopkins et al. 1993) potentially caused further extinctions (Kershaw 1994) . The contraction and expansion cycles of the Quaternary have left discrete genetic signatures on modern-day rainforest populations. These provide unique opportunities for the study of long-and short-term evolutionary processes within the local fauna and flora (Hoskin et al. 2005) . For instance, phylogeographic studies on low-vagility vertebrates from WT have measured levels of disjunction that reflect local environmental shifts. Molecular dating has enabled the identification of a recurrent evolutionary pattern of prePleistocene diversification between populations separated by a biogeographic feature known as the Black Mountain Corridor (BMC; a strip of low-lying land that extends from Cairns to Mossman and interrupts the Great Dividing Range), followed by more recent localised population contraction/expansion cycles (Schneider et al. 1998) .
The distribution of species across the landscape and the amount of genetic differentiation between populations are generally influenced by factors such as niche preferences and dispersal potential. For instance, genetic divergence across the BMC was shown to be greater for skink than bird populations (although differences in evolutionary rates can affect such taxonomically wide comparisons; Schneider et al. 1998) . Rainforest trees that produce fleshy, highly dispersible fruits can be expected to have lower levels of betweenpopulation differentiation than species with less efficient dispersal mechanisms (Shapcott 2000) . In the presence of a sufficiently broad genetic pool, dispersal and the ensuing gene flow can also alleviate the overall loss of diversity caused by habitat fragmentation. For instance, an extensive study across the entire NNSW distribution of Elaeocarpus angustifolius Blume (discussed as E. grandis F.Muell.) identified little genetic decline following recent rainforest fragmentation, and could not detect the long-term influence of genetic drift among local glacial refugia (Rossetto et al. 2004b) . Genetic uniformity in Elaeocarpus angustifolius does not result from a lack of diversity, but rather is the consequence of extensive gene flow mediated by the production of large numbers of viable fleshy fruits, and by the propensity of this large and fast-growing tree to rapidly colonise available habitat from multiple founding sources (Rossetto et al. 2004b) .
Elaeocarpus angustifolius is distributed (in Australia) from NNSW in the south, northwards through WT and Cape York Peninsula, extending into the Northern Territory. Most authors take a broad concept of the species (Coode 1984) , including material from India to New Caledonia. Other authors divide E. angustifolius into regionally restricted species, with material from NNSW considered to be E. grandis (Harden 2000) . In WT the distribution of E. angustifolius overlaps with that of elaeocarps restricted to upland rainforests but also extends to lowland areas. In this study, we aim to establish whether the factors that facilitate genetic uniformity within NNSW are also influential in WT, where larger and more complex rainforest areas remain and significant biogeographic barriers have been identified. A comparative sympatric species, Elaeocarpus largiflorens C.T.White, was also investigated because, despite sharing a WT distribution range similar to E. angustifolius (although more prevalent within upland areas) and producing similar fleshy fruits, this species is divided into two morphologically and geographically disjunct subspecies (Coode 1984) . E. largiflorens subsp. largiflorens, the more abundant and widespread subspecies, is distributed south of the BMC and E. largiflorens subsp. retinervis B.Hyland & Coode is found north of the BMC. This study compares and contrasts the relationships between genetic structure, geographic disjunction and morphological differentiation in these co-distributed Australian elaeocarps and attempts to clarify the likely evolutionary processes responsible for the observed patterns.
Materials and methods

Study species
Elaeocarpus (>300 spp.) is the largest genus in Elaeocarpaceae, a family distributed through most tropical and warm temperate regions (except for the African mainland). Elaeocarpus is found from India to the Japanese archipelago and south to Australia, with outliers extending to Madagascar and into the Pacific. These rainforest trees produce mostly small-to medium-sized fleshy fruits that are attractive to a range of frugivorous vertebrates (Barker and Vestjens 1989) . Elaeocarpus flowers exhibit the morphological hallmarks of adaptation to buzz-pollination (Matthews and Endress 2002) , with a study investigating the reproductive biology of E. largiflorens identifying a range of small insects visiting its inflorescences and transferring viable pollen (Weber 1994) . Elaeocarpus is particularly suitable for evolutionary studies as it includes morphologically and ecologically similar taxa with very different distribution ranges. Elaeocarpus also has a good fossil record, showing extensive diversification in Australia from the Early Oligocene and significant changes in distribution for lineages that bear close morphological similarity to extant taxa (Dettman and Clifford 2001) . Ongoing research focusing on Australian elaeocarps (Crayn et al. 2006 ) is providing the phylogenetic context essential to the development of more in-depth evolutionary studies.
Elaeocarpus angustifolius is a large, fast-growing rainforest tree reaching 35 m in height. It is found from sea level to 1100 m but is more commonly encountered below 800 m. Fruits of E. angustifolius are round, blue fleshy drupes (up to 30 mm wide) with a hard, deeply sculptured stone. These drupes are consumed and dispersed by a wide range of vertebrates. In the present study mature individuals were sampled from 11 WT populations representing the northern range of the species. Where possible, these were chosen from the same locations as E. largiflorens ( Fig. 1; Table 1 ). Data on NNSW sampled mature individuals from 14 sites and were taken from a previous study on this species (Rossetto et al. 2004b) . These two areas correspond to the distribution strongholds of this species; however, intervening and more northern (and north-western) populations also exist.
Elaeocarpus largiflorens is a rainforest tree reaching 30 m in height. Although it is moderately common at altitudes between 500 and 800 m in WT, its altitudinal range is from sea level to 1200 m, and it occurs as far south as Eungella. It produces relatively large, pubescent flowers in dense inflorescences. The drupaceous fruits are blue-green, 20 mm long, slightly ovoid and attractive to a range of frugivorous vertebrates. This is the only elaeocarp for which two subspecies are distributed on either side of the BMC. Subspecific differentiation is based on the relative prominence of secondary and tertiary leaf venation (Coode 1984) . Mature individuals were sampled from 10 populations chosen to span the range of both subspecies (Table 1 ; Fig. 1 ). In order to maximise local diversity, non-adjacent individuals were collected to prevent the collection of close relatives.
DNA extraction and microsatellite analysis
Total genomic DNA was extracted from leaf or bark by using DNeasy TM 96 plant kits (Qiagen, Hilden, Germany) and Jones et al. 2002; Rossetto et al. 2004b ) were used to quantify and qualify genetic diversity across the distribution of the two elaeocarps. These molecular markers are particularly useful for investigating gene flow within and among populations and have been shown to have high levels of withingenus transferability (Rossetto 2001) . Five loci were used for both E. angustifolius (Scu06Eg, Scu31Eg, Scu32Eg, Scu33Eg, Scu34Eg) and E. largiflorens (Scu01Eg, Scu07Eg, Scu31Eg, Scu32Eg, Scu33Eg). Sequencing of polymerase chain reaction (PCR) products confirmed that microsatellite regions were present in both study species. PCR and genotyping conditions were as described in Jones et al. (2002) and Rossetto et al. (2004b) .
Genetic structure and diversity
We investigated the presence of genetically differentiated groups of populations. In the absence of preliminary information on group boundaries, the Bayesian model-based clustering method, described by Pritchard et al. (2000) and implemented in STRUCTURE, was used to infer structure and assign individuals to populations. The model assumes the existence of K clusters (the real number being unknown) and uses the allelic frequencies at each locus to assign individuals to these clusters through a Bayesian Markov chain Monte Carlo (MCMC) probabilistic approach. As this model assumes linkage and Hardy-Weinberg equilibrium at each locus, these were tested by the exact test, with significance levels determined after 500 batches of 5000 iterations each (GENEPOP 3.2a; Raymond and Rousset 1995) . Sequential Bonferroni corrections were applied to the significance data (Rice 1989) . The aim was to identify the smallest value for K that captured significant structure in the data. After a preliminary test aimed at finding a suitable range of values for K and the optimal burn-in period, we tested values of K from 1 to 10 through five independent runs on the datasets of each of the three species. All runs were based on 500 000 MCMC iterations after a burn-in period of 100 000 iterations, without prior information on the locality of origin of the individuals sampled. The admixture frequency model was run under the assumption of correlated allele frequencies to improve clustering of closely related populations (Falush et al. 2003) . Each group identified was also analysed separately following a similar protocol to see whether there was further undetected structure within groups. The optimal number of clusters was verified by using the K statistical approach suggested by Evanno et al. (2005) . This ad hoc quantity relates to the second-order rate of change of the log probability of data with respect to the number of clusters, and was found to be a good predictor of the real number of clusters when L(K) provides an ambiguous outcome (Evanno et al. 2005) . A potential problem (particularly when transferring loci across species) with the Bayesian clustering approach is the presence of null alleles. Although it is not possible to confirm the absence of null alleles in all homozygous individuals, preliminary paternity tests on E. angustifolius (Nightcap NP in NNSW) showed no evidence of null alleles. Similarly, all E. largiflorens individuals tested were successfully genotyped at all loci (i.e. null homozygotes were not observed).
Analysis of molecular variance (AMOVA; Excoffier et al. 1992 ) was used to quantify the different variance components and the significance of the genetic subdivisions using the hierarchical structure identified from the previous tests. We measured population subdivision by using the F st equivalent θ (Weir and Cockerham 1984) to assess overall and pairwise values across all populations within each of the two species. Significance was assessed by comparison to 95 and 99% confidence intervals acquired by 5000 bootstrap permutations (FSTAT2.9; Goudet 1995). Finally, principal coordinate analyses (PCA) were used to produce a comparative graphical relationship of genetic distances among individuals across each of the two species. AMOVA and PCA were performed with GenAlEx6 (Peakall and Smouse 2006) .
Mantel tests were used to investigate the influence of between-population geographic distances on the observed patterns of genetic differentiation (the isolation by distance model; IBD). Mantel tests (999 random permutations; GenAlEx6) were performed between matrices of ln-adjusted pairwise geographical distance and pairwise linearised F st values (F st /(1 -F st ); Rousset 1997). These evaluations of IBD were tested on the overall distribution of each species as well as on the regional clusters identified by the other analytical approaches. Allelic distributions and unique alleles were measured at a regional level and, in order to avoid bias caused by uneven sampling (Leberg 2002 ), a standardised estimate of allelic richness independent of sample size (El Mousadik and Petit 1996) was calculated with FSTAT2.9. Measures of expected and observed heterozygosity were calculated with FSTAT2.9.
Results
Elaeocarpus largiflorens
The number of alleles per locus varied from 16 (Scu31Eg) to 5 (Scu32Eg, Scu33Eg) for a total of 52 alleles. Overall gene diversity (H e ) was 0.54 and overall observed heterozygosity (H o ) was 0.52. Pairwise tests of genotypic disequilibrium showed no significant linkage between loci and all loci were in Hardy-Weinberg equilibrium. Thus, the assumptions of HardyWeinberg and linkage equilibria necessary for the Bayesian clustering approach were respected.
The Bayesian analysis divided the individuals into two groups containing individuals of E. l. subsp. largiflorens and E. l. subsp. retinervis, respectively. Although average LnP(D) values were similar across K = 2, 3 and 4, the most substantial increase in value was between K = 1 and K = 2 (Fig. 2a) , and the K statistic supported K = 2 as the main subdivision ( K 2 = 1033; K 3 = 250 and decreasing with increasing K). AMOVA supported the existence of strong and significant segregation between the two subspecies (53%; P = 0.001), with 5% (P = 0.001) and 42% (P = 0.001) of genetic variance being respectively partitioned to differentiation among populations within subspecies, and within populations. Similarly, the PCA results showed unambiguous division of the individuals into subspecies groups (Fig. 3a) , with the cumulative percentage of variation explained by the first three coordinates being 79.6% (57.3% for the first coordinate alone). Genetic divergence across the whole species was θ = 0.27. The average pairwise value for E. l. subsp. largiflorens versus E. l. subsp. retinervis populations was θ = 0.41 (with high levels of significance), whereas the average pairwise value between populations of the same subspecies was only θ = 0.07, suggesting considerably higher gene flow within subspecies than between subspecies (Table 2 ). Average allelic richness was similar across the two groups, A [27] = 6.9 and 7.2 for E. l. subsp. largiflorens and E. l. subsp. retinervis, respectively, but there were considerable differences in allelic distribution (both in frequency and uniqueness). Twenty-eight alleles (54%) are unique to one of the two subspecies and of these, 11 had frequencies >10% and five 
>30%.
Genetic diversity was similar among the two subspecies, with H e = 0.59 north of the BMC (E. l. subsp. retinervis) and H e = 0.56 south of the BMC (E. l. subsp. largiflorens). Mantel tests did not identify IBD across the 10 locations (R 2 = 0.080; P = 0.07), which is not surprising since the geographic distance between same-subspecies sites can be greater than that of sites representing different subspecies. Across E. l. subsp. largiflorens alone, the Mantel test returned a higher value but still nonsignificant, possibly as a consequence of the low number of comparisons available (R 2 = 0.189; P = 0.12). The distribution of the average coefficients of membership for K = 3 suggested that further subdivision within E. l. subsp. largiflorens might exist. The individuals from the two most southerly and geographically isolated locations (Eungella and Paluma; Fig. 1 ) consistently scored as distinct from all other individuals (92%; 7%; 1%), a distinction that was not as evident for the remaining E. l. subsp. largiflorens locations (33%; 66%; 1%). In comparison, the E. l. subsp. retinervis individuals were clearly differentiated from everything else (1%; 2%; 97%). Furthermore, although STRUCTURE could not identify recognisable clustering across E. l. subsp. largiflorens (K = 1 producing the highest LnP(D)), AMOVA supported the differentiation (8%; P = 0.001) between a group comprising the Eungella and Paluma locations, and a group including the remaining E. l. subsp. largiflorens locations.
Even though there were no alleles unique to the EungellaPaluma group, a total of 21 alleles were found only across the remaining E. l. subsp. largiflorens locations. Allelic richness was lower in the isolated localities (A [14] = 3.6) than in the rest of the southern group (A [14] = 6.0). A somewhat constrained placement of the Eungella-Paluma individuals was highlighted by the PCA (Fig. 3a) . Overall, rather than suggesting the Eungella-Paluma group is evolutionarily distinct, the decline in diversity and the genetic differentiation these populations exhibit are more congruent with a leading-edge colonisation scenario. 
Elaeocarpus angustifolius
The number of alleles per locus varied from 17 (Scu06Eg) to 6 (Scu31Eg), with a total of 58 alleles. Pairwise tests of genotypic disequilibrium showed no significant linkage between the five loci analysed. Gene diversity (H e ) across the species was 0.61 and observed diversity (H o ) was 0.55. All but one locus were in Hardy-Weinberg equilibrium (Scu33Eg, significant heterozygote deficit P = 0.02; not significant after Bonferroni correction). The Bayesian approach identified two distinct clusters of individuals, representing regional differentiation across the species into WT and NNSW demes (Fig. 2b) . Although average LnP(D) values were slightly higher for K = 3 and 4, the most substantial increase in value was for K = 2 and the K statistic supported K = 2 as the most significant subdivision ( K 2 = 222; K 3 = 66 and gradually lower for higher K). AMOVA supported the existence of strong and significant segregation between the NNSW and WT (23%; P = 0.001), with 12% (P = 0.001) and 65% (P = 0.001) of genetic variance being respectively partitioned to differentiation among populations within regions, and within populations. The PCA results displayed polarity between regions but also overlap (Fig. 3b) . The cumulative percentage variation explained by the first three PCA coordinates was 62.4% (26.7% for the first coordinate alone). Similarly, Table 3 shows that although overall genetic divergence was θ = 0.15, average pairwise differentiation between WT v. NNSW localities was higher (θ = 0.24) than average pairwise comparisons within WT (θ = 0.13) or NNSW (θ = 0.10). Average allelic richness was A [85] = 5.0 and 9.9 for the NNSW and WT groups, respectively, with considerable difference in allelic distribution between the two regions (in frequency and uniqueness), 22 alleles (38%) being unique to WT and eight (14%) to NNSW. Of these, seven had frequencies >10% and two >30%. Genetic diversity differed between the two regions, with H e = 0.62 for NNSW and H e = 0.76 for WT. Mantel tests identified significant correlation between geographic and genetic distance across the whole species (R 2 = 0.349; P = 0.001), but there was no indication of IBD within the WT or NNSW regions.
Attempts to detect if there was further clustering within WT and NNSW did not support the existence of recognisable withinregion structure, but the results were not as clear-cut as when the whole dataset was used (K = 1 producing similar outcomes to other grouping alternatives). The clustering of the WT sites within two groups representing the individuals sampled from north and south of the BMC produced no visible pattern on the PCA plot (Fig. 3b) . Respective coefficients of membership and phenograms derived from a range of genetic diversity measures also failed to identify meaningful structure within the regions (data not presented).
Discussion
Elaeocarpus largiflorens
Microsatellite analysis revealed that morphological differentiation between the two E. largiflorens subspecies and their allopatric distribution across the BMC is paralleled by significant genetic divergence. Rather than a grade of intermediate genotypes and phenotypes there is an abrupt disjunction between the two taxa, suggesting that little (if any) genetic exchange occurs across the BMC. Only two individuals have coefficients of membership lower than 95% (Fig. 2a) and >50% of alleles are unique to either subspecies with many of these being distributed at medium to high frequencies. Consequently, if we consider speciation as 'the divergence along multidimensional genotypic networks accompanied by the accumulation of reproductive isolation' (Gavrilets 2003) , E. largiflorens is undergoing species diversification.
The following two main models can be invoked to explain the observed diversification in E. largiflorens: ecological divergence and basic allopatric differentiation. The ecological speciation model occurs when reproductive isolation evolves as a consequence of divergent selection on traits, and can take place in allopatry or sympatry (Schluter 2001) . Preliminary environmental studies failed to identify significant differences in a range of environmental parameters including climatic conditions and soil types across the distribution of the two E. largiflorens subspecies (P. Ridgeway, unpubl. data). Although this suggests the current absence of divergent environmental pressures, it does not, however, exclude the existence of differential selective landscapes in earlier geological times.
Basic allopatric differentiation implies that geographic barriers to gene flow are, or have been, significant enough to cause reproductive isolation and subspecies differentiation (Turelli et al. 2001) . Under this evolutionary model, differentiation is purely driven by IBD and genetic drift, and can potentially lead to the accumulation of mutations, resulting in reproductive incompatibility among populations experiencing similar selective pressures. Current geographic disjunction is not sufficient to explain the genetic divergence measured across the BMC. There is no indication that IBD has an important role in explaining the distribution of genetic diversity across E. largiflorens (or across either of the two subspecies), and the molecular data revealed high gene-flow rates across greater geographic distances. Furthermore, although sampling was not exhaustive the low diversity and the lack of unique alleles within the most southern E. largiflorens subsp. largiflorens sites suggest a recent leading-edge colonisation scenario, possibly resulting from rapid post-glacial recolonisation of suitable habitats as far south as Eungella (Figs 1, 3) .
The extent of genetic divergence coupled with the current overlap of environmental conditions and the lack of significant IBD suggest that subspecies differentiation in E. largiflorens is likely to have originated before the last glacial maximum. An interesting question remains, however, as to why neither of the two subspecies has been found on the other side of the BMC. The absence of intermediate genotypes or phenotypes could be explained by the existence of geneticbased incompatibility mechanisms that originated through drift (ultimately the potential existence of such mechanisms needs to be established through experimentation). However, reproductive barriers would not prevent dispersal and colonisation across the BMC. Although differentiation is likely to have occurred before the Quaternary, the maintenance of a clear-cut distributional pattern has also been influenced by the distribution of suitable refugia during glaciations. Allelic distribution patterns across E. largiflorens support the findings from previous studies on the local upland rainforest fauna (Schneider et al. 1998) which suggest that the major suitable glacial refugia were located on either side and in close proximity of the BMC. It is, therefore, likely that at the end of glacials, the limited newly available upland rainforest habitat along either side of the BMC was quickly occupied from local refugia by the local subspecies to create the current distributional front. This scenario is consistent with the broader concept of autochthonous development of the Australian rainforest vegetation, radiating from relictual fragments and providing few opportunities for external colonisers (Webb et al. 1986 ).
Elaeocarpus angustifolius
The genetic results observed for E. angustifolius are congruent with the hypothesis that NNSW represents the southern range of a widespread species rather than with the existence of two distinct species within Australia (E. angustifolius in WT and E. grandis in NNSW). Although there is significant genetic structure between the northern and southern distributions of E. angustifolius, PCA analysis emphasises the existence of genetic exchange between the two disjunct geographic areas rather than the presence of an abrupt front as revealed for E. largiflorens (Fig. 3) . In fact, despite the wide separation between these two sampled areas (>1000 km), genetic divergence is lower for E. angustifolius than that measured between the two E. largiflorens subspecies separated by just >50 km. It is important to remember that in order to answer the question posed in the present study the entire distribution of E. largiflorens needed to be sampled, whereas the E. angustifolius sampling represents only the relevant geographic extremes, with several intervening populations not being sampled. As a result, it is likely that AMOVA and Bayesian clustering would also have detected a smoother genetic gradient if the entire distribution of E. angustifolius had been sampled. This genetic grade excludes the possible presence of geneticbased incompatibility mechanisms in E. angustifolius, and the evolutionary model that better explains the observed pattern of genetic structure is that of parapatric diversification, where gradual genetic differentiation occurs along a potentially selective gradient that does not entirely prevent gene flow (Turelli et al. 2001) . Thus, in E. angustifolius, genetic structure is likely to be the consequence of two combined factors, environmental differentiation between WT and NNSW and regional disjunction reinforced during glacial rainforest contractions. Ultimately, the success of this diversification mechanism will depend on the strength of the selection acting on the divergent populations and on the extent of separation during extreme contraction events. Further sampling within and outside Australia and the inclusion of a broader range of molecular tools will extend our appreciation of dispersal routes and diversification gradients for this widespread rainforest tree.
Considerably higher levels of genetic diversity were found in WT, suggesting that during extreme climatic cycles the area supported a greater number of refugia and/or larger populations than did NNSW. Yet, the same gene flow-mediated genetic uniformity that characterised the more constrained NNSW distribution was also found within WT. Even important biogeographic features such as the BMC, which acts as a highly significant barrier for E. largiflorens, have no measurable impact on E. angustifolius genetic-structure patterns.
A competitive edge is imparted to E. angustifolius by its rapid growth, the production of plentiful fleshy fruits and its broader habitat requirements (Rossetto et al. 2004b) . These traits enable this species to survive in a larger number of refugia during glacial events and to recolonise a greater variety of habitats when opportunities arise. These traits have an important role in explaining the genetic uniformity observed in this rainforest tree, by reducing localised drift and consequently the potential accumulation of distinctive mutations leading to phenotypic or genotypic differentiation.
Evolutionary implications
The present study shows that biogeographic features do not necessarily have the same impact on related taxa occupying overlapping habitats, and that generalisations on evolutionary patterns can be untenable without careful consideration of a range of other factors. The endurance and distribution patterns of the rainforest species that survived the impact of the Miocene aridification process and the onset of the Quaternary ice ages was, and still is, affected by a combination of interacting factors such as life-history traits, major geographic barriers and the influence of differentially adaptive landscapes. For instance, long-term climatic cycles have had a considerably different impact on two elaeocarps with similar local distribution patterns and dispersal capabilities, but occupying slightly dissimilar ecological niches.
For both study species, the amount of genetic divergence measured suggests that initial differentiation has occurred well before the last glacial cycle. The results of ongoing studies (Crayn et al. 2006) aimed at measuring divergence rates in elaeocarps by using molecular and fossil data will be needed before we can conclusively comment on the temporal scale of these events, but a scenario of pre-Pleistocene divergence similar to that observed in the local fauna (Schneider et al. 1998 ) is likely.
Successful expansion from extreme bottleneck situations has been described for a range of Australian rainforest trees which can sometimes maintain considerable amounts of genetic diversity even within very small populations (Rossetto et al. 2000 (Rossetto et al. , 2004a Rossetto and Kooyman 2005) . This apparent resilience should not, however, distract us from their vulnerability. For every lineage that has survived habitat contractions, many have gone extinct through a combination of chance events, inbreeding and selective pressures. Survival has been favoured by the preservation of stable conditions within core refugia and through the availability of expansion areas during favourable climatic breaks. The current level of anthropogenic disturbance can potentially destroy whole refugia that, no matter how small, could contain significant genetic diversity or even unique taxa. As the habitat necessary for a dynamic response to climate change is rapidly being lost, lineages that have survived significant change through a considerable period of time could quickly disappear unless precautionary conservation steps are taken.
